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(57)Abstract: 

PROBLEM TO BE SOLVED: To efficiently produce 1-hexene from ethylene with high selectivity 
by preparing an ethylene trimerization catalyst from a chromium complex with a coordinated 
neutral multidentate ligand, a metal alkyl compound and a topotactic reduction product 
accompanied with electron transfer. 

SOLUTION: The ethylene trimerization catalyst for the production of 1- hexene useful as a 
comonomer of linear low density polyethylene from ethylene is prepared using at least a 
chromium complex with a coordinated neutral multidentate ligand, a metal alkyl compound and a 
topotactic reduction product accompanied with electron transfer. The topotactic reduction 
product has been subjected to salt treatment, acid treatment or other treatments). The 
chromium complex is represented by the formula ACrBn A is a neutral multidentate ligand, (n) is 
an integer of 1-3 and B is H, halogen, amido, alkoxide or the like]. 
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(Ql ►Ck(T')H- + ke - + [Ql I bT') »■ C(T') H') i(T 'hCQl'" (16) 

[0 0 4 2] K4>, fli7 5VUitfc5] ★[0 0 4 3] 

(j) mm*<atsmmmk&®t*x Mk^#>£i o o HL9i 

-1 5 0 0^C-CRJt$-B:5*}fe [3£ (1 7) ] , ★ 

T 1 

[Q J »Ck(T')H* V ke +[Q]»«T') » «T ') H ').(T ■).[«]«• (17) 



[0 0 4 4] sffi^i-sctas-e^s. ^fy, 

[0 04 5]** (d) , (f) , (g) &t>* (h) (c ^ ;ty,f*^^D^ni<li^^ 



(7) 



11 



>h t< tt* oD*/l-A^ro/NnyyftKtt*I> * 
/PAT x K, K, N, N-v^f" 

1, 2-y^^^^--/-K 1, 3-7* 
^y-;t-;K l, 4-/^y^-;KfjL<tt2, 3 

^v^^y, y ygfc> y ^^vk fvi'jfc^jfcA' 
7iK. hy-n-y^-/HJ>**f->r-K, 1. 4-5* 

10 04 6] *S (c) .khl-cmu hTJ^^-^W 

tS. 20 
[0 0 4 7] 7f& (d) tcBat-Ctt, STC^irLT, 

f-?A, t?^^!)^^^, ~f"7 $ Ul/~f~ h y "7 A^ 

^/7i;y!)WA, xy/7x/ytMi!)i>, 
3-7<ky ^^SrW^I-ar. fc#-c*§\ o. ooi~i 

Omo 1/1 <75S^-C, HC^fclmo 1 Ic^tt 
0. 0 0 1 — 1 Omo llv^:ti s t'f 5o KJ&rSg 
tt#fcfS:£f4fcV\as, -100-1 0 0°C$rffl^5C£: 

6 0 B^fflV^ri^-etS'o 30 
[0 0 4 8] 77& (e) |CM Lt, «5cKmii#l-PS^ 

a, 7Ki*fc*?»^- h y mt-r v y ^^sr^-t- 

5wti6S-e#, 0. 0 0 1~1 Omo 1 / 1 <Dfe&X\ 
*^Hk^lmoll:WLTO. 001~10mol 

~i o oiCSrfflv^rias-t'f > RiSBfffllcKtTt^ 
"cPSSte&v^ i#~6 0B*fflv^ri:^ff5, 
[0 0 4 9] TJfc (f) fcflBLT, tt#ffttfcfcRJ£S 

nstro-cttfcv^ twfctf, y* h vw&sfc 40 

£, y fBMiu BkStt, tfiBMft, iiitt*BWL 

*aw4, 7"Dftm ->a>>Kjfi % -rny 

o. o o i ~ i om o i / 1 

So 

[0 0 5 0] (g) fcBBLT, T/-K«#l-Pfi^ 

[0 0 5 1] 7?fe (h) ichu-c, Ty-Ktt»lcffi3£ 50 
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[0 0 5 2] 7J& (i) fCMUT, TS.>fc&m*mz 
[0 0 5 3] £t>K, *3ge3lC*3ttStt^«lSr#5 h 

[0054] £«&au:fflv^;h,5£Wi, «jwai~ 
Bt^*vi:a»e>45fb^-*-c*)t), »*L<i4, -85*; 

(5) % (6) , (7) Xte (8) T'*^ix5ir^^-y 

7*/*^, SXB^ A*1B*\ a**B!W\ 

r, aot, mit mt&mm mm, 

*^Wt. 'cyS, y-^>m, t 

[0 0 5 5] — JKS; (5) -C-^£;ft5llf *vi> 

[0 0 5 6] — JRA (6) X*i&£hZ>m<<*>t, ft* 
[0 0 5 7] -/ft* (7) T-^^tu^^^-^i, /no 

[0058] (8) xmztizwi'f *^*<§tsm. 
ttfty^-'^A, nftthy^A^ yvsthyn, 
•T-hy^A, -y^t&i- b y [7a v ^^>-^-7-hy"7 

A, tt{b*'J«7A, ^b/Ut'^^A, fifttv'!)A 1 % 

{&<y y >7a, tg^^.>i7A s y 

A, 6®-7^v'7A 1 flSrnv'^, ji^*^ 

nyf-r^A, ^{k/^y^A, m^f-^v, mki?*=>~ 
t> a, ig{t:/^7=^7A, mk?^t/\>, m 



(8) 
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[0059] m&mKm^btizmk lxh, mcmfe 

[0 0 6 0] X&£jl!m\zm\i^binZ>Jl"(Xi&&k 

NH.> HWER'i^N-CS^ixSr?^^*, MIST 10 

tb<l±n-7'f-/^-7 i /^coai— r^H, *^A7 
5 K, N-^fWAT? K, N, N-^fvU-jft/U- 

I, ^f^7^a- L< ft-Z-f-^T)^— )V%<T>T 
;U=i-/UM, 1, 2-^^^^-^, 1, 3-79> 
1, 14 2, 3-y 

UV^y=>-/U) , iSifyJJ*, 1, 2-vM h^v^ 

y VSIKy ,*?7K '^MMfvM^aM'T'S 20 

■y-y, 7-fch=by/K 7 L h7tKn77>\ 

7,>vy KXttRft^o f u y S: 5 d t ^t? 

[0 0 6 1] JftJBfta,. »»ltRtJ t /X«:/H' 

warn, m&.x?/x\zji"( x&&&®M£ j &tcmi& 

ic, (a) ~ (j) <D»5cElfe-C»fcixfc£j$*)J&» 

[0062] &m&a t tttoai /v-c *&s*aa£#i<^ 
a#£fc*s^ -en, jfessteasrffofcft, ®e&a 

^air/^^^s^a^nNpt-fT^^jfe, tts 

i^a$r[^B#i-ft5*&^ ^Si&at^iaa^PHfic 

at/n'^^s^a^Pi^ffofdt, iyp&a&ff? 
2fctf«^»afc»fea£A'W'**g»a&Ri$i- 

[0 0 6 3] WJU ■fcfttM'-f J: 5«ta*frtt 

WfcWfettfcv^ &fg, K&tf/M' *tfcSWu 0. 0 50 
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0 1 ~ 1 0 m o 1 / 1 <Dm&X\ STcRjS^tlfoy 
7hAftyimoll^LT0. 001~1000m 

o i , jemm&it- 100-15 o°c, teimmte 1 # 

[0 0 6 4] i&gjMa, &®i®RTf/X\*/l"( *i&m& 

m\cm^btizmmkisXtt, 

■f-y s ^zffy. artzi/^ J-fy, "fts-y, ->^n^< 
^vH8E0)3i— fvi^I, Jfcfl^f- H"bL< fi^nnTtxA- 

A*fw/Npywk«ft**«i, i, 4-^^f-y, r 
^ktfxzz>j>\ ztibnmmtfe&m&Lxm^zz. 

[0 0 6 5] ^B^^^o^TST-^Kl^^^ 

l~1 00 0 0kgt*)9, »*Ktt0. 1~10 0 
0kg, iD0*L<lil~5OOkgffe5. 
[0 0 6 6] *^BJtCfcl/^T, ^l/><DBmitMiU& 

pAmit Tie-^ (l) 

ACrB. . (1) 

Kc-efcU, BI4**JS^-, oroRfk** 
*/p*>v-u- hKt U< li^y hi— h£> 

*->K, */w^=-/K 7l/-y, TArjr^ T;^>, 

T5v, ^sy/v, -Yy=by/K ^^.7^ 

[0 0 6 7] ZZX\ ^oAft*(cE{4^-y:5*ttW^ 
MEfiT-i: LTfflv^liS tW<4, ^KSSttStO 
Tii^i/^^ 0i|x.(4\ TE-«W: (18) 

[0 0 6 8] 

Utio] 



1 1 



(18) 



[0 0 6 9] (*«K a, b, ctt-tn-?*U8l4LfcO 
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r±y^**-f) -e**ix5=i«PSi«iiSr^r-r**ffiEffi 

^% TBHRft (19) 
10 0 7 0] 

[{bill 




(19) 



[0 0 7 1] d , e , f tt-t JX^naSC Lfc 1 

(2 0) 
[0 0 7 2] 
[ftl2] 

A A. (M) 

[0 0 7 3] g, htt-tix€*Utta:Lfco~6 

[00 7 41 ±BH8* (1 8) , (19)Xlf(2 

(fibftS, tOtftSt Ltll flfcii* *?vw 

. [0 0 7 5] -«5£ (1 8) , (1 9) &TJ< (2 0) K. 

7^=;u^^-£, h y /!/fts^«7 y -/u^sis, 
Wf*75/S, j;i^7;/l, tr* (hyy^f 
>wsy/v) 7?;Sf©^7^7?yll, -^7x 

;l/lfro7;i'+;l'7!)-/l'7 5 /XI, *s*f-)Vi£7>7 
;S % ^71-/^^7^1, -7" b y/u**7^ yS 
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y S^07;v^f/i'7 y -/i^T. 7 4 y 3SSW«igtf & ti 

So 

[0 0 7 6] *fc, (18) RXfi (2 0) tC*5V<> 

T« L'Rl>*L 3 T**$n5lt*S^b^tl{4, ^l£PS£ 
S4x5t©Tf»i*v^ s x M*Lfi\ 7!)M, ^v-77y 

hVT^v/^m, fh7/y/H, trysts, -c^y 
-yy/vg, -^yyy ^-yy/vg, ^y^y y^i, # 
io yy/ws, -ry^yy^s, ^t/!)^l, f7/- 

^{b^roemStLTfi, y^/ug, a^/u 

[0 0 7 7] ±.m-f&#. (18) UL*3tt2>G t LTtt, 

7*=/Wv-7>-> 7?y> 7;ymK, **7 
**7^y**^K^#P»ffc*u5o 
20 [0 0 7 8] ±1E-J&5t (18) X-7jk£tl5 HWS«it 

mj£znz>b<Dx*\*te\<^K i-y* o 
y^AO yy>\ i, i, i-MJ* (y b^-yy? 
/u) i^y, i, i, i-M)x (/ h^y/f/i') t" 
n^y, i, i, i-by* (y h=^->y^) 77 
y, i, l, l-hy* (^h^yy^AO y, 

1, 1, l-by* (T'nTtf^yy =f->V) x^y l, 

i, l-ny* (7 h^-yy ^vi-) 3^9 >s i. i, i 
-b])x (7i/^y/fyv) bVyVfrtfi 

30 7, (5-/f^-2-7!)/V) y*y, hD^ 

(5-xf^-2-7!)/H y^y, M* (5-7*f" 

/u-2-7y/u) y7y, i, l, i - hi) yy>v^9 

y, MJ7U/V7$y, h 'J 7!)yV*^7^y, hU7 

y /v* * y j y ^-^ >> KiSw^^^ffiEffi^-a, 1 , 

1, l-h))X {tf-A&X-tf'M 1, 1, 

l-hy^. (y'f-A'f-*^ f-A') l, l, l- 

yu) y 9 ^m^j xv&mmLi-m, 1,1, 1 - h 

y^. (■7/fyu7?/'^f;i') ^^y, 1.1. l-l- 
40 y^ (^7x=;U7 5/ /f^) x^y bV* (t°7 

yy/W y^y, ny^ (3, s-^y^-i-t'y 
y*y/w) y^y, (3, 5-*MV7'xiVA'-l 

-f 7-/^/1-) y^y, 1, 1, l~l-!)*(3, 5- 

v=y 1 -fy-yy^u) ^^y, 1, 1, 1 — h y 
* (3, 5-v?y^- 1 -fy-y y/w) 7*B/<y, 
1, 1, i->y^. (3, 5—^^-1 -f7-yy 
/u) hy* ( 2 - f y -✓vi') ^^>-, i-y^ 

(6-^f^-2-fUv ; ;l/) y^y, hy^ (2-bf 

y^) 7-;y hy* (2-t°y^) *^7-/y 
50 hy^ u-eyvvi-) *^7^y^->K, Fy^ 



(10) 
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yyy/u) y- * >*)5©£***BHE(fc*SL l.i.i 
-hyx (^i^v*^?^;^^) x*^, i, 
l, l-Mi* (v 5 ;*^*^.* yy-fvi-) x*:^ 
l, l, l- MJ* (vf3cf-/U7j%^7>r yyfvw) ^ 

[0 0 7 9] *7c, H^M*ii%^1-^#JSiai4^i b 
^irpg^ftSfccoT-fiftv^s 0fl;ifi\ l, 

3, 5-MJ^^-l, 3, 5-h57f^n^ 

-y-v % i, 3, 5-hyxf/u-i, 3, s-hyr-y-* 10 

->^o^dff-^, 1, 3, 5 - MJ - i -7°n £VU- 
1, 3, 5- h y TiFv^n^-tf-l^ 1, 3, 5-h 
y-t-yf-^-1, 3, 5- h y Tf-*i/? n-^drf- 

1, 3, 5-hy-n-^-l, 3, 5-hy 
7 if o^^-f-y, 1. 3, 5- h y -7:7 u^i/jV 
-1, 3, 5- h y T-y-''>^n — ^f-V, 1, 3, 5- 
hU'Ov'/l'-l, 3, 5- h y Tif->^ n^^f-y-^, 
1, 3, 5-h!)7x^-l, 3, 5- M 7-^-7 7 
D-^rf->, 2, 4, 6-hy^^/U-l, 3, 5-h 
y 7if->^n^-^f->, 1, 4, 7-HJTf-^Dy 20 
•7-7, 1, 4, 7-hy^f/W-l, 4, 7-hDT-tf 
is?v/-f-y, 1, 4, 7-h!)x^-l., 4, 7- 
hyjf-^Dyt^ 1, 4, 7- K y - i -7°nt° 
A'-l, 4, 7-h.y7f->^o/t^ 1, 4, 7- 

hy-t-y^;u-i, 4, 7-hy7f-^pyt 

7 S 1, 4, 7 - h y »77 n-^-7/U- 1 , 4, 7-h 
y 7f^o/ty, 1, 4, 7-^^71-^-1, 

4, 7 - b y 7f"'->^ n /-f >-^0-g-gfif#ffii^4^- 
I, 1, 3, 5- h y f-Tv-^o-sJf-y-V, 1, 4, 7 
-Hlf7^n;f^ 1, 4, 7, 10-xh7^ 30 
7*7^0 KfTJ 7, 1, 5, 9, 1 3 -T h7f-7^ 

-y-r*>-^ro^^^-^#ffisa{i^, l, 3, 5-hy 
^-y-v^p^if-^ i, 4, 7 - h y ^-^-y-i/^ d 

J-fy, 12-?77V-4, 15-^77^-5, 1 

8-^77^- 6 m^m^zwtm.^itm-i 

ho 

[0080] t* y -y i?mmikZGi-z£mm&* t vx 

12, #(iPSS$*x3 h<»X\t%i<^k P'JxJ2\ (v? 
^f/l'*^7^/3:f;l') y ^vw*;^-* 7, tfT, (v? 
7i=M^7-(;if;i') 7i=M^7-fy|©t 40 
y 7#HB£{ii^, ysfWV h y 7 5 7, tr* (T'y 
fvl-7 5 y^fvW) ^f^7iy, (v^fvKTS 

)\>) 75V, a, a' , a" - h JJ If !J 2, 6- 

t** (2-7i^-2-7fi7^) fP-^V, t* 

* [3- (2- t-y 5;*xw ? y) -2-7**y7 

iv s fc*7 (m hdf-vo^/U) i-x/K (7*^-7 
xfA') x— 57K (t-^F* , /xf/l') (^ 50 
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So 

[oo8i] *fc, ±e-«w (i) ©Bicjoivt, m 
<DX'\t^iK y^s, ^f/^m, 

xvug^WfeixS. £*#i!ci~i 0O*ynR*i/u 

ff, T-fer— hS, t7^-hSXB2-xf^ 
-y-yaL-hS^jjs^f t,tt-5. *HMfcl~l 0©S?*V 

tfSajllf ibix-S. 75 KStLTtt, WfcRJtSixafc© 
-m&i/^v 0>Jx.»f, -^^7? KS, -7:x?vW7 5 

*J7*sfrT 5 K£, 5? Kx-WWT 5 KS, IT* ( h V * 
f-WVM 7? KS, ^7i=/W75 KI, N-y^ 
/U-T-y KXI47=y K****rf <b*v3. -f 5 KSt 

^7iyW; K^^plfbtlSo 7/U3^->KSiL 

i^KSs xh^KS, 7'D^=Jfv'KS, 7>^v-KS 

stun wcisjesnsto-ctt'ici'^, «x.tf, 

^^-y h*->KK, ftxh^Ki, ft7n^-> 

tfbix5. 7U-VtLTf4, it#(CP5^§4x5"bOT*»4 
^V>*S, ^<V1fy, h/l'XV, ^fv'U^, by 

* =?-/i"<y-v >, ^^ff-y ^u^o-tf vxi4-^7^ 
©T?tt4v^, W*.tf, xfi/y, 7ntvy 7r 

7 = =/W7ir^U->-Xttv ? 73i-^7-fe:^U^ 
^^{fibHS. 7 5^tLTI4, ^(CPS^^ftStroT* 

tt&v^\ k y xf/u7 s; ^xii h y ~f^-^T 

^yZftfmfbhZo 4 S. yt L-Tli, ^{cipi^^ixS 
to-ettftv^, i5iJxtf, ^y/7i/w^xii^ 
^i^/u-jr h w 5 y%wm?blnz>. xi h y ;U i l 

Tfi, ^icPS^^^fcOT'li^l/^, 

=■ h y /t'Xti'O-/^ h y /w&mfbhs. av-y 

fi\ t -7f/K7x h y;UXI47a:-/W 7=. h y 

i>WT-»i/j:^*\ 0yx.fi, H)7i=M^7-fy, h 
U h!)/^^7^y h y 'yiru^i/jv-fcxy 4 yx 
ft h U ■?*f-)Vi£7.y jy^fts&i hki%>, 7fr7.yjyjr 
*yb*t LTfi, #W8££ft5fc0>-Cttfti^ «»Jx. 
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li, WmRJ&^nStro-CttftV^;, #J;tli, 

«*s*rfbtt5. *A-*y£ LTI2, WcRjSSfrSfc 
x/U«^#^(f 5>tt5 a ^^KiLttt, Wfc 10 

4 KfcLTIi, WcRSSftSfcro-Cfifcv^ Mx. 
If, ^fvi^A-y KXf47*7Vi'*A':7w K^ri^lffc 

[0082] ±e-»s: (i) -c-^Sftsf *&<D&mi 

RSSfiSfcO-ettftV^ hy* (* h+v' 

^^/u) ^y^ih!)^7-fK (I I i) , l. 

1, l-M)^ f#Wf/i') x^y^oAHI* '20 

(0) , 1, 1, 1-hy* U 
^) i^^pAHI^p^K (III) , 1 > 1 . 

i - mj x (* h w ^-/u) i^y-M)^ (5*<f y 

7"o fc°A-7 SK) ^BA (III) , 1. 1. 1 - h y 
* (* h*S'**vuO *-t>-YVx (^^7 5 
K) ^pA(IN) , 1, l , 1 - h y * (* b * *> 
ytfvu) rc^^-hy^ [if* ( h y * ^uv^ y ^) T 

5 K] ^ n A ( I I I ) , 1, 1, l-hy*Uh*- 

5^ 7^) i^y^DAM/xh^i/K (i i i) , 
1, 1, l-F!)^ WF#Wf^) i^^pAF 30 
DftyF^ri/K (I I I) , 1, 1, 1-hy* (^ 
F^r-yyf/l') x^^BAbHo^O' (I I 

i), i, i, i-hy* c/b*^**-*') ^*y? 

Dih^Bj-fKdll), 1. 1, l-M* 
(7i;Jf->^f/W x^^nAHI^o?^ K (I 

II) , hy 7 y A** *V*n A hy# A'tf^A' 
(0) , hy* (5-^f^-2-7!)/W **y*n 

AMJ^xyl/ (0) , (5-^^-2-7 

U/w) ^^Pih!)*/!'^ (0) , YV7V^ 

75 y?PA h y */U/K=./U (0) , YV7 V 40 

^ a K Y y ft/ni^A- (o) , Hj7U/v*^7^ 
yt*v/f7PAhy^x/l' (0) , 1, 1, 1- 

hy* {tf-^f-ttf-M u j* y y ju^Hfc— 

A- (0) , hy* (f-^sA-) >^y^nA(-!J*/i'** 
=/t- (0) , 1, 1, 1-hy* ('/7f^7?/^f 

,u) i^^ba h \)jj,\,i?,=.)v (o) , hy* (t°y 
/y/w) y p A h!) /i' (o) , hy* 
(3, s-v^fvu-i-ey/y/u) ^y^Dj»F 
y*/u#=/u (o) , hy* o, 5-5>*7vu-i- 
t^/y/W ^y^nAi- ^P7-f K (in), so 
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hy* (3, s-'Stf-iv- 1 -e 7 % /y/w) *?y- 

h y * (i/i^/wr 5 K) (III) , h y * 

(3, 5-^f/w-i-t'7/y^) **y-hy* 
(s?>f y/p tvwr 5K) (in), b y * 
(3, 5-y^f/i'-i-t'7y'!)/i') **y-by* 

[fc** (MMfvUfy/V) 7 5K] (II 

I) , hy* (3, 5-5***71'- 1 -f7'/!J/U) 
*y- h y * (^71^^ 5K) ^Bi (I I 
I) , h'J* (3, 5-^f>-l-f7/!)^) * 
?^BAh!lxh*J/K(III) , by* (3, 5 

-^f^-i-t'7/!)^) ^y^pAhyw 

h*->K (III), hy* (3, 5-5>*tvU-1- 
f^yyA') ^y-Wny^Pi (o) , h'J* 
o, 5-5***-/i'-i-tr7*'y/i') ^y^A 
(xfuy) 5^*yu?15=/i' (o) , hy* (3, 5-5? 

*f7v-i -tr^yyA') ^y^PA (71=^ 

fi/y) s^a-jKs/v (0) , hy* (3, 5-5?** 

/U— 1 — t°y i/ y A') ^?y7PA (5***"A'T=y 
V) v^A-J^A- (0) , hy* (3, 5-v 5 *7Vl'- 

l-fc'^vyA') ^y^PA Hy^s/w? 

y) •^^/HK^A' (0) , hy* (3, 5-5***"^- 
l-fyVy/t') ^y^PA (T-feh^hy^) 5?7J 
(0) , hy* (3, 5-^^-1-1^7 

/y/W ^y^pA (t-^f-z^y- h y^) 5** 

/UtfE^yV (0) , h'J* (3, 5-S>*f7V- 1 -t' 7 

y y /w) ^yypA ( h y 7^*7^*7 j y) 5?#a- 

jtf^A- (0) , hy* (3, 5-5?*f-/U- 1 -f 7 7* 

y/u) ^.y^pA ( h y 7*^*^7^ y^-^f-> k) 

^*A'#=A' (0) , h'J* (3, 5-5>^*/U- 1 - 
f^yyA') *^y^DA (M)7ix/V*^77-f 
h) 5**/UsKxi/P (0) , hy* (3, 5 -5** 

l-tf^yyA') ^y^pi (f h?tKB7?y) 

^A-zK-yW (0) , h'J* (3, 5— ?*fvl'- 1- 
f^yy/i') ^y^pA (v?**-yi'*/i'*y) 5>^/u 
7t?=yu (0) , hy* (3, 5-5?**-/!'- 1 -f7/ 
y yP) >^y>nA ( 5* * *-/W* A'* df - K) v?*/!'^ 

=/w (o) , hy* o, 5-5***-/w-i -f^yy 

/W) ^y^BA (v f 7*f-7l'*7l'7-f K) 5?*/^?=-^ 
(0) , hy* (3, 5-5?^ 77p tVu- 1 - t*7/ 
yA-) ^^y^DAHJ*/l'jKx;V (0) , 1, 1, 1 

-hy* o, 5 -5^**- a— i -f^yyA-) =.9 >- 

^DAMJ*/V*x/V (0), 1, 1, i-hy* 

(3, 5-5***-^- 1 -\?7-S y A') 7p^dA 
hyTJ/l'^xi/U (0) , 1, 1, 1-hy* (3, 5- 
5?*^- 1 -f7 , /!)/l') 7"?y7PAh!) #A-zK= 

/u (o) , hy* (2-fy^yi') ^y^pAFp* 

yu*"=yu (0) , hy* (6-**-A'-2-f y i?M 
t9ytnk,YVl3frif,=->v (0) , hy* (2-fy 
is/V) T^^^uK Y y-h)Vi&=./\> (0) , hy* (2 
-tfyvVU) *77-fy7PA h yTJ/^xi/U (0) , 
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h!J* (2-fy^) ^y^m'/K^nAFJ 

(o) by* d-'f 

^AH)*;^ (0) , 1, 1, 1-bVx (v? 

/W (0) » 1, 1, (i?7x=^7-f; 
/. ^VU) i^^PAhJ^B^K (II I) , 1. 

i, i-b ] )x {Vt^^-fc^y 4 J if-fls) *-$yt 

0*^1***=* (0) , 1, 1, 1-MJ* 
f;«X7-f/^f^) i^y^nAM)*/^^ 

(0) , 1, 1, 1-MJ* &x-f-A'*X7<</*f- 10 
^) i#^pAK9?B5-fK (I'll) , l. 1. 

i-by* {'j^-f-j^^y >( yyfvio ^fy-bv 

[0 0 8 3] *fc, 1, 3, 5-M**vU-l, 3, 
5 _ |, y T^f'st n^^-V-y? DA h !)*/Ut|?=/P 

(0) , 1, 3, 5- by- i-7°nfcVu-l, 3, 5 
-by Tf*s9 o^^-y- vy n A h y #A'7pxvl' 

(0) , 1, 3, 5- h y- i -7"nf/V- 1, 3, 5 20 
-by T-f'st u^y-l/V n A b y ^ a K ( I I 
I ) ', 1, 3, 3, 5- 

!) 7f n^fy^ n i, v/^ o F (II) , 
•^bd7i-/^.dA-1, 3, 

i, 3, 5- n/rf^B^t^BA (i i 

I) s ^DP7i=/^nA-l, 3, 5 — h !> — "i 
-^ntVP-l, 3, 5- h y Tf^a^t^^o 

a (in) , i, 3, 5- b y- t-^fvu- 1, 

3> 5 _ y r-ifi/^ p^-y-^y u A h •) 
(0) , 1, 3, 5-MJ-t-7*vU-l. 3, 5- 30 
hDTf^n^ty^oAMJ^o?^ K (I I 
I), 1, 3, 5-hy-t-^^-l, 3, 5-b 

K) ^PA(III), 1, 3, 5-hy 

;w-l, 3, S-hiJTf^n^t^oAH)* 

Arfs/P (0) , 2, 4, 3, 5 

-by v-^z-y-y? pami */wtK— ^ 
(o) , i, 4, 7- byyfvu-i, 4, 7-hyr 
■fv'y oytv^pA h y ?D7^ K (i i i ) , i , 

4, 7- hy- t-T'fvu-i, 4, 7-hyr-y-*->^ 40 

pyf^pA f- y #/Wtf=^W (0) , 1, 3, 5-b 
y f7-^ o^df-y-^^ n A h !) jb/Htf— A* (0) , 

x 4j 7 — h y f-T'sP v j-fy$ v J*\- x ) iuvi$— 

;U (0) , 1, 3, 5-H)t*f->i'n^ty^p 
Ahy*;U^ (0) , 1, 4, 7-M**t^ 
P/fy^pAUJA^^ (0) ^coS^S)«^?r 

Wl-^JlSfift^iaftLfcy p Aig&a^f fetus, 

[0 0 8 4] (5?* f-ArfrX7<{ J 

/w) y f/p*^7^y^pi» h!)^D7'f K (I I 

I) , t'^. (v'7i=/l'*^7'f/'if/l') 7i=M 5( 
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7.7^y^nAh!)*/i't'=;i' (0) , ¥x (i?y*=- 
; v*x7-fy^) 7i-/^7^^pahi^ 
P7^K (HI), v/ifyyh!)7?y^pAhP 
TJ/^'^/u (0) , t'* (v f ^fyu7?yxf/i') 
/V7?y^PAMJ^P7-f K (I I I) > a, a ' . 

a " - h y t°y -^v^da h y ^oy^r k (i ii) , 

2, 6-bfX (2-7i=yW-2-7fif=^) t°U 
■/y^pAH)^P7<K (I I I ) > [3- (2 
-fD-^xf/K^y) -2-yy /y^v-i-] y 
pAM)^P7'f K (I I I) , tf* (* h 

;V) x-f^PAMI^P7^K (III), t'^ 

i^b^y^M x-7/^pahj^d7^k (i 

I I) %<r>y'^ y^«Jfttr#i-S*jaHEtt?-!4«E(fiCL 

fc^BAltfr^^f <b*l<5. 

[0 0 8 5] iite>©5*>, l-^-fe^WRtt-^Ufcit 
SH£0>jfid>&, — IRS; (D w^ttw^Mifife^-i: LT 

5c BtLtlW^x/K R*»1-10©S 

^B^'/Bf, T5 KWft7/W3^yK 
is»*L<fflt^ii5. J:9#*L<liHJW3!*itr$r*r 

<{±, Sy^ (3, S-^f/U-l-fy/D/l-) y 
^y^pAMI^-zi' (0) , by* (3, 5-v? 

y fvw- 1 - t°y / y /w) ^y^pAhy^p^K 

(III), (3, 5-^f^-l-f7'/!) 

/w) ^y^pAFM (v 5 ^ y 7°0 f/H 75 K (I 

i i) ; i, i, i - h y * (y h^-v-y^) ^y >- 
y pa hU tj/u^'^/u (o) ^j4Sfflve>^-5. 

[0086] *iB9]£j3vvr, ±is©«*'ttro#aaE{fl[ : F- 

^E{iL7cy n A^frro^jfefi, ^c:PS3t^ii5 tco 

bti*(>>'Jito<Dt6tm&& J. Amer. Ch 

em. Soc. , 92, 5118 (1970) WAn 
gew. Chem. Int. Ed. Engl. , 33, 
1 8 7 7 (1 9 9 4) f] \££'0&9ifc&lfrtt>Zki>i 

T*#5. tfflt^s^p^iiuil 

*/U-/J?=/W (0) , ^/$3))Vif-.=-)V ( H >) 7 * 
^.7^^) ynA (0) , rh7*/^x;l/t'^ (x^ 

i/y) yoA (o) , \-yi3>vifr~iv Hygy) yn 
a (o) , ^y^/w^^/i' (h^^^) (o) % 
b\) UA'tf—A' (b y y ^vi^y-ify) yn^ (o) , 

h!)7J/^x;v (~-=*-y-y fyu^^ifv) yo^ 
(o) , hy*yujj?=/u (t7^yy) yo^ (o) , 
h y ^/utK^-a (-y^p^7? F!)xy) 

(0) , h y -biyR-fr b y ^. (7t hxhU/u) yn 

i» (o) , hy*;u#'-^hy^. (byy^^/p^^y 

7 ^ h) ynA (0) , (ifuy) i?*/V/sj?=./w (h 

i y y ^-/i^o-ify) yaA (o) , i^n^vvM'y 
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(0) „ H» 7*771^*7 W l/VUlVifr-iV (h-yy^ 
/u^cyify) ^pA (0) , h* y tj/U/K-A- (->^d^: 
y>?v5^-^) ?oA (I) y-Y-r-, tKyKHJ* 
/PtK^/v^ (isfwOfitx-s-Jl') i'oi (I I) 
*pA#/w#=Mfc£4MH, HWpA (I I I) , « 

ft^DA (I I) , Ift^A (III) , Ift^A 

(II) , 3WbA (III), aWnA (I 
I) , 7s"fk^nA (III), 7-Wtl7nA (I 

I) , hi)* (T h7t Kd7 7^) ^nA^n^/f K 10 

(III) , h!/X (1, 4-v ? ^-=3f-t>-^) 7nA?n 
7-fK (I I I) , hi)* (v ! xf;H-T/i') ?pA 
^d5Y K (I I I) . hV* (t°Vi?y) 7nA7P 
7>f K (III), h y * (Tir h=hy/U) ;>pA^ 
P7-fK (I I I) *C^nA^nyyft*S, hy* 

7 5K) (III), h y * (7 h 7 fc Ku 7 7 V) * 
dAF!)^ (v ? x.5 l /UT 5 K) (IlDfO^PAT 
SKI, (IV) t-yh^v-K^tfO^nAT/U 

= *->-KIS, ^P-^ (I I I) T-t3-/UT± hi — 20 
ro^DA^ht-hi, ?oA (I I I) 2-x.fvl' 
^af-y-y^-h, ^nA (I I I) Tirx-h, ^pA 

din t7f^- h%<o?vj**ji'ti^mm.mpim 

[0 0 8 7] tttO^iSttf t ^ f Aft^jiKlS S 

]) ym<o«smmm{t^mm, ^y-vy. h^^, 

H, i/xf/Vx-f/K 7h7t Ko7 7^0x-f 
[0 0 8 8] *fc % «83&SKJ£W:, CCA^ttffli-S 

2o~2oott-fc5, ssi*iBii»i-«iKsn-r, a 40 

#1#~4 8P#F«f], »*L<f45»~2 4N?ra-e*>S. 
[0 0 8 9] tttro^ffiE&T-^Efl: Lit 7 o A#g& 
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[0 0 9 0] aMSEUifc^TM:, <t>tt©#ffiEfflr?-*JE 
{iLfc^nA^ffcCOpt,, f a c i a 

1 lcE{fcLfc^ni»i§frSrffl^5ri:^»4LV\ #M 
Etitf-tff a c i a 1 l~E{iLfc7 n Af8ft«rffl^5 - 
iricit), #y ^uy<Dm&imt-btiZ>m<D$3&tf 

^feibHSo ww-C, f a c i a 1 fcEffi 

Lfclt&li, Eft* # 3 oEfi; Lfc 6 E{£Affi#£!$§# 

tlSffl-, 1431 ) . BP*;, EttW3o 

Eft Lfc 6 E(£ABftSttftlc:JoV>T, 3 ooEfitf-tt 
-f-^T -y^teJC^S i o ^EfiT-E{4LTV^ r i SrE 

[0 0 9 1] #»Wfcfc^T«/B$;ftST/i'*A'£*{fc: 
-«5£ (2) 

RpMX, (2) 

p(i0<p^3T*fct), ql40^q<3T*feo 
T, Ld>tp + qttl~3-e*>5. Mfiyf-7A, -77* 
4->7A, 3E», TKnyxfiTA^^ASrSL, Rfi 

j^*ici~i oror/u*/n;*»5>ft5*J:»)j8tfn5 i 
«^±&«eu xtt^SffR^, T/ua^v'S, ry-/w 

m-t) x7F£tiz>it&m*#mtei><Dt\sxmft>ti 

[0 0 9 2] ±!E-J&5£ (2) (CJ3V>T, 1 ~ 1 

^J^li, ^^S, ^f-^S, T'ntVuS, 

©T*tt*v^,. Mill 7y«, MXIi3 9* 

[0 0 9 3] 4*J, ±ia-^5C (2) ^CiaV^T, M#A 
IT*, ptq^M'ill. 5(75t#, AIR,.! X,.s 

[0 0 9 4] ±3EHRS£ (2) T*^$tt5T^#/^JS 
it-a^ot LTii, 0iJx.fi, ^^yf-^A, ai^uy^- 

[7 A, 7*0 tVuy ^17A, n-yf-^y ^"7A, s-7* 
f;HJf7^, t-y^/Wy^^A, 5?*7 5 -A'^^*> 
7A, x.f-/U7^-/\^-rif^'y^ A, xf/^pp-?^ 
->7A, x^l/7*D ; E-7^i'!)A > v 5 ^ f-^SIS, v 5 

^f-A'ift, v ? 7*f-/^i&, h y ^ f^/^7 h y a. 

^■/^7>, h y > ^7/1"$=^ A, hyo:f-/UT/U 
5X7A, h y ^ V/f/l'7/1'5 = MJ-n— - 



(14) 

25 

df-v'/U7^5. — h y - n — ^9 f-iVTi^^ =- <y 

A, h U P~-=*-v'/l'7/l'5~?i>. N >M fyUx.fvl' 

/•f)VT)V%=. VK-tT.**/ p y h\ i^-/WT/V/5 = ^ 10 

= ?A^p y K«tf*lf P>n5o 
[0095] ztih<Do hA^<n®%£RV1§\t<DWfr 

b . ■TA'tf-A'TA' 5 =• * Afc4Mfe##£ L < ffl V ^btV, 
$ iblc# ;£ L< h y ifA'7^5 = *AXI4 \> X )4V 

[0 0 9 6] T/l'dF-A^fMk^ljjrottfflatt, * o Afg 20 
ft: 1 LT 0 . 1~10000 SlrCfc 9 , »4 

L<»43~3 0 0 OS*, <fc D$?SL< tt5~2 0 0 0 
MS*"?*)*. 

[0 0 9 7] ^SSMro^ttro^ffiEtt^ASEffiLfc^ a 
jfett»lc*]|R$ix*v\ 30 

[0098] z<Dmm*fflmi-z>m<D?uA$i£&<DmiM. 
te¥f\z.fflmztifa^K m%s *flEi i fcfcfj o. oo 

lv^^n^wlOOi U^/K KKliO. 0 1 
? p^-;u~ 1 0 5 y t/KDfigfttffl^tl^i, w*l 

H, 7*?>\ -09>, ^-ffs, *9 9 

>\ ;i-y. Ti>y. '>?v<y*y, 

is? a^-fy, t 3- /Vis 9 n^^r-y-y, i^P^* 40 

mt^mmR^mt/^yy, ^od*/^ H^bK 

-So *fc, EJC£jSfc. HP*>, l-'MMr L 
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[0 0 9 9] flWEO^PA«|ft: % TA-*/U&Ji<b 

L<li0~2 0 0O-Cfc5. SStt^WttWcfWRStv 
■f , 1 #~ 2 4 B#ra, L < 14 2 #~ 1 2 ftmX'h 

xfTfr ass* lv\ *fc, B.®Rvmm*+$\z 

[0 10 0] *36W©rtf-U'V©=ft{tRJ6»i, huEw 
SrS5*$*-c % S^ftbi:llii4FlcHfi^bR(SS:fli6i-2)* 

[oioi] *^(c(4, ( i ) 

3iit(cRjt>^lc^A-r?>, (2) 7»*;\s&m<t&yo* 
9tem5c&l£&fSMiRXf3L?-is>t:m*>-t-Zs (3) ^ 

(4) r^^mit^Rv^m^m^ 

&0 V 7- 4 v t tt&Tl&S&'&ftM Sr-a tf 
^uA^Rif^uy^mA-Ti, (5) ^oAi* 

*fc, «#o»^l±, (1) ? a J*$%fcRXfm*&Wl£ 
7^*;i-&mik-£-V>>%UAi-Z>, (2) r^^^Sfb 

j&m*tt*ummz.iruj*$£w.*m/\i:z> > (3) 
(4) ?v2»mft£<atr®mizm*&mzfto v-xt* 

[0 10 2] *l§W^C^3^^T»i > ^SfClJSCT, ^14^ 
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10 10 3] #»im£*S^Tteffl£ft5*tt, #|£R£ 
SJiSfero^ettftv^; &\Z-t£, 
k 3te#¥tf bJx, SMfttLTtt, 0. 2~2 000n 
m«WJL<, J;l9»*L<li200~7 0 0nm 

v\ 

[0 10 4] UTtt*»3fcXH:AX*aS©^ 10 

a*u>, AXjtiRt t-ctt, wrRjfcsjxsto-ott 

[0 10 5] ftCDHS#tB#»](i N #fcfWR3*V5fctfmi 

[0106] ^MlcfettS^f-^vroHSfbS^ws. 

- 1 0 0-2 5 0°CX*fe5^, £?4L<(40~2 
OOtt'fcS, KJSJE^JJi, KJS^if V'V^H^-C* 

fcntf»mwifi*ti.*v^; a*, *&*N£-eo. oi~ 30 

3000kg/cm Z r*fo"9,»^L<«0. 1~30 
Okg/cm'tiS, Sfc, RJESl^lHfifiS-^JE^lC 

fc&Sft, ;:i:tt-c#*v^ ant, 5# 

«fc 5 KUgttWl-(W& LT t «t ^ U EfSMJtflSfcflWEJI 

#«:»H"C?t 0 zfci«a*uv\ if u^fi+# 40 
[0 10 7] 

Xf4T^*y^ffilcJ;5ft!±i^T'|^*L/c^, £j£L 
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[0 10 8] 
[0109] 1 

i/al/y^fT, J. Amer. Chem. Soc. , 
9 2, 5 1 1 8 (1 9 7 0) ICffi«M>#ifcT?£-J*Lfc = 
)UPM«ii£*-f3 b y * (3, 5-^f^-l-f7 
2 3 8mg, ^cAAifti^^ 
176mg, ^•Vfuy40mlSt) t F/Hi'10ml 

Ufc. WfflLfclSfttriiiU M>* (3, 5-^f 
(o) (WT, «*A &#fco :«aw 

I R#W£*Tofcfc*, CO»lRtiS-5< 2#tf>fc°-* 
jj* 1 8 9 6 c m"' H 7 5 9 cm" <btK h y * 

(3, 5-^f/l'-l-f7/!)/l') ^yi^oA 
Cfacia 1 T*IEfiLTV>^C t^r^LfCo 
[0110] ###1 2 
X^fk^E-y 7*xV7. Og (44mmol) tn-^ 

-^^•y-y^?^ (1. 54M) 57ml (8 8 mm o 
l) £iiTL/c„ cw!iiSfK^^raT'3 0F B 1}t#L, ± 
»*Sr»*bfc«, n-^fVtft»Lfc. tot, 
10"Torr«U ^^T* 7 5 ~ 8 5*C, 
1 O" To r rt?ft»LT*feHflESr#fc. &btltz£. 
rit«jSr5n*^WUfcife*, (Li*) [Mo 

S.] , ' 20 " T'feofdo 

[0111] ±ffi«7cK*£:^* 7 . 0 g IC 2 5 %T y 
^e-T* 13 0ml LtZo i OS'®jSSr- 3 0 1 

fc. 

[0 112] ^f/V7-!JyISl7. lg (4 5m 
mol) ^5 0 Om 1 <7?7Kl-^t, ^07K^fS(C±|S 
/v-^^^S^S*^ti7. OgtrSsADLfCo r<D^St^ 
traite2 4i*IB8H*U ±*«S:l»*Ufc^ tKS.U' 

i*y-^T*gfc#L7io trol, £SL, 1 0" 3 To r r 
IBj&tt [Ph (Me) 2 NH ] o., 2 [MoS*] ° 12 " T* 

[0113] nmm 1 

•> 3 wy^fK, 1*0. 20g, 0. 154 

mo l/l©hHy7'f/l'7/l'^'>A/^D^ 
f-^^2. 1 m 1 MftSLfc h/l/xy4 Om 1 *A 

*u (WT, mmmctw-r 

[0 114] aflEW-Rt«l#Mt*<:«*.fcrt*«l 5 0 
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m 1 7*»Sff£0S£Sfc, 1 -C~&j£L£tt 

ftA£6. 9 m g, 0. 154mol/irohy^y/ 

& Lfc h A** y 4 0 m 1 Sr AH, a^-fltff Lfc 0 £ is* 

m^.mmw>s.Am7 vzf (soow) &;bv\ n-m*b 

*t 3 0 gffllSIt Lfc&, ±1BS»«C Lfc. 
[0115] RJSSSS: 8 OttML, 1 
4 0 0 r pmicnfift, B6*»lC*f-^Vfc*AL 

[0 116] -CJfrSlU *v^T?lBtffiL 

ETtti (lTorr, lOOt) LT, 
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-f. 

[0117] Hi60iJ 2 

[0118] Jttfcffl l 

[0119] Jtffctt 2 
g*A©ttb!3(; (i, 3, 
^pafww;^ (0) OUT, HfcB b$Ft&) 
Sr4. lmgM:i:WK 2H60tJl £: Pllifc LTR 

[0 12 0] 
[3£1] 







MM 2 






















EfcA 




amo l 


16.0 


16.0 


16.0 


1 6. 0 




i — B u a A 1 


i-Bu s Al 


i - BuiA 1 


i -Bu,A I 


<imo 1 


6 4 0 


640 


2 4 0 


6 4 0 




to&to - i 


ft^fcl- 1 








2 0 0 


40 0 




2 0 0 


ttftg 






















8 0 


8 0 


8 0 


8 0 


5if&l£J} . kg/cm 1 


5 


5 


5 


5 




3 0 


3 0 


3 0 


3 0 












ttJgfttt g-l-MtVg-Cr-W 


2 9 6 0 


34 5 0 


4 4 5 


4 6 7 


wt5S 


9 3.8 


9 2.5 


9 9.0 


47. 6 


@# (PE) w t % 


6- 2 


7. 5 


1. 0 


5 2.4 


wt% 












2. 2 


1. 6 


4. 4 


7. 3 


C6 


9 4.7 


9 5.7 


7 7.9 


6 9.9 


C 8 


0. 4 


0. 4 


2. 3 


6. 2 


C10 


1. 6 


1. 3 


5. 6 


6. 0 


C 1 2 + 


1. 1 


1. 0 


9. 8 


1 0. 6 


C6$6£ wt% 


9 8.2 


98. 2 


i 96. 2 


9 9.0 



l&) C4:7't>. C6;<v$t>, CS:**t>, 
C6«S=(l-^t>/iA*t»J<100 



[0121] ^fiR^*»e>j5cS3if-uyo=l:{ktt**fflVN5r ttci 



7UV Y^—~s<r>'fc% 



(51) Int. CI.' tt»JE* 
// C 0 7 B 61/00 3 0 0 



F I 

C 0 7 B 61/00 



f-ii-y (#%) 

3 0 0 



(17) 



♦5MJ82 0 0 0- 2 0'2 2 9 9 



F^ — 4G069 AA06 BA21A BA21B BA27A 
BA27B BC04A BC10A BC16A 
BC16B BC58A BC58B BD03A 
CB47 

4H006 AA02 AC21 BA02 BA05 BA09 
BAH BA31 BA32 BA36 BA47 
BA81 BA85 BA95 

4H039 CA19 CF10 

4J028 AA01A AA02A ABOOA AB01A 
AC01A AC22A AC32A AC42A 
AC44A AC45A BAOOA BA01B 
BBOOA BBOOB BB01B BC01B 
BC06B BC09B BC18B CA07A 
CA11A CA24A CA47A CA51A 
CA58A 



